Ganoderan A, another polysaccharide ingredient from Ganoderma lucidum was also shown to have hypotensive action. 7) Eritadenin isolated from Lentinula edodes has been reported to lower serum cholesterol levels. [9] [10] [11] [12] More recently, hypotensive and hypoglycemic effects have been reported for the aqueous extracts of Pleurotus cornucopiae 13) and methanol-extracts of Hericum erinaceum, 14) respectively. It is also reported that polysaccharide from Inonotus obliquus has immune stimulation activity. 15) Agaricus Blazei Murill (ABM), another commercially available medicinal mushroom with high beta-glucan contents is suggested to have chemopreventive effect. 16, 17) Since the immune-stimulating activity of the hot water extract of BDM-X has been elucidated by our preliminary plaque-forming cell (PFC) formation studies in mice (unpublished data), medicinal role of BDM-X, this novel edible fungim, is also highly expected.
The chemopreventive function of fungi has mainly been discussed in relation to their immune stimulating activity as is indicated in the term BRM but the antioxidant activity is also suggested to play a role in their action. 16, [18] [19] [20] In the present study, we focused our attention to the potential anti-oxidative stress activity of BDM-X, since oxidative stress is associated not only with tumor pathogenesis but also with other diseases such as inflammatory and allergic diseases. [21] [22] [23] The results were compared with those of reference antioxidants including ABM as mushroom reference having antioxidant activity in the polysaccharides fractions. 24) 
MATERIALS AND METHODS
Materials ABM and BDM-X used in the present study were generously provided from Truffle Japan Co., Ltd. in Niigata.
LPS (lipopolysaccharide, Endotoxin), Tween 20, anti-DNP mice IgE were obtained from Sigma (U.S.A.), as BCA, TMB and anti-mouse IgE rat IgG were obtained from Perbio, BioRad (U.S.A.) and Southern Bio Technology Associates (U.S.A.) respectively, while 2,2Ј-azobis(2-amidino-propane) dihydrochloride (AAPH), a-lipoic acid and other reagent chemicals were obtained from Wako Pure Chemicals (Japan).
Male ddy-strain mice and Wister ST rats were obtained from Japan SLC Co., Ltd. (Shizuoka, Japan) and these were treated under the guidance of Animal Treatment Regulation
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Rules of Niigata University of Pharmacy and Applied Life Sciences.
Preparation of Hot Water Extracts of Fungi Hot water-extracts of BDM-X and ABM were prepared as follows: For in vitro study, 20 g of each fungus (raw material) was chopped into 0.5 cm square pieces and then gently boiled in 100 ml of distilled water until the volume was reduced to half the original. In the case of in vivo study, extracts were prepared powdered dried fungi prepared at 60°C instead of raw materials. After filling back the volume to 100 ml with distilled water, the extract was filtered through gauze and then kept in a deep freezer at Ϫ80°C until use.
Anti-oxidant References Employed in This Study aLipoic and ascorbic acid were employed as reference anti-oxidants in this study. Stock solution of a-lipoic acid stock solution (1 g/ml) was prepared in distilled H 2 O.
Tissue Homogenates Preparation for in Vitro Anti-oxidant Potential Rat tissues kept in a freezer at Ϫ80°C was thawed at room temperature and 1 g of the tissue was homogenized in 9 ml of ice cold buffer containing 0.01 M PBS (pH 7.4) and 0.2 M 2-morpholinoethanesulfonic acid (MES) (pH 6.8) with a Plolytron mixer (PT-MR 2100, KANEMATICA).
In Vitro Measurement of 1,1-Diphenyl-2-picrylhydrazyl (DPPH) Radical Scavenging Activity DPPH scavenging activity was measured according to the method described by Yoshida et al. 25) Briefly, 2 ml of reaction mixture containing 10 ml of methanol, 10 ml of 0.2 M of MES and 10 ml of 0.4 mM of DPPH, 0.25 ml of each fungus extracts with series of concentrations (12.5, 25, 50 , and 100 mg raw fungi/ml of reaction buffer) were added. Absorbance change at 520 nm was measured at 10 min after mixing samples with DPPH solution by UV spectrophotometer (Hitachi U-3000). The inhibitory activity was calculated as follows: inhibition %ϭ{1Ϫ(A 520 sample /A 520 blank )}ϫ100.
In Vitro Measurements of Hydroxyl and Superoxide Radical Scavenging Activities by ESR Spin-Trapping Method According to the method reported elsewhere, 26) hydroxyl radical scavenging activity was determined by Electron Spin Resonance (ESR) using DMPO (dimethylpyrroline-N-oxide) as the spin trap reagent. The reaction solution containing an aliquot of fungus test solution, 40 mM DMPO and 20 mM hydrogen peroxide in the total amount of 300 ml was illuminated with UV light (at 245 nm with the band with 20 nm) for 5 min and then the DMPO-OH formation was measured by ESR just 1 min after the illumination.
ESR spectra were measured using JEOL LES-TE 200 (Xband Microwave Unit) ESR spectrometer under the condition as follows: microwave power; 8 mV, microwave frequency; 9.18 GHz, modulation amplitude; 0.1 m, time constant; 0.03 s, sweep time; 30 s, center fields; 331.6/321.6 mT.
Superoxide anion radicals were measured also by DMPO spin-trapping ESR using xanthine-xanthine oxidase system as a superoxide radical generator. To the reaction solution containing an aliquot of fungus extract, 0.3 mM DMPO, 0.5 mM hypoxanthine, 1 mM diethylene triamine-N,N,NЈ,NЉ,NЉ-penta acetic acid (DTPA) and 0.2 M PBS in 300 ml total volume, 80 ml of xanthine oxidase aqueous stock solution (0.1 U/ml) was added to generate superoxides. Then, the DMPO-OOH signal formed was determined by ESR just 1 min after the addition of xanthine oxidase. The ESR parameters were same as above.
Measurement of Ferric Reducing Potential (FRP)
FRP was measured according to the procedure described by Akahori et al. 27) Briefly, 1 ml of the fungi extract was mixed with 2.5 ml of 0.2 M PBS and 2.5 ml of 30 mM K 3 [Fe(CN) 6 ] and reacted at 50°C for 20 min and then 2.5 ml of 10% TCA was added. An aliquot (40 ml) of each reaction solution was taken to a micro plate and the absorbance at 670 nm was determined after adding 40 ml of distilled water and 40 ml of FeCl 3 (6 mM aqueous solution).
Inhibition of AAPH-Induced Peroxidation in LecithinLiposomes Soy-bean lecithin was dissolved in diethyl ether at the concentration of 40 mg/ml, and then the solvent was gently removed under reduced pressure at 40°C using a rotary evaporator until thin layer of lecithin was formed inside the flask. After adding aliquots of 0.2 M MES, the solution was vigorously shaken to form multi-lamellar liposomes.
AAPH-induced lipid peroxidation in the liposomes was measured by TBARS method described by Ohkawa et al. 28) as follows: To 75 ml of 1% (lecithin/buffer) liposome solution, were added 75 ml of test sample solution, 50 ml of 0.2 M MES and 100 ml of 1 mM AAPH as a radical generator and then reacted for 30 min at 50°C. After the reaction, the volume of the solution was adjusted to 4 ml by adding 0.2 ml of 15% SDS, 1.5 ml of 20% acetic acid, 1.5 ml of 0.8% TBA and 0.5 ml of 0.2 M MES and gently boiled at 95°C for 60 min. TBARS form was extracted with 4 ml of pyridine/nbuthanol (1 : 15 v/v). The organic layer was centrifuged at 4000 rpm for 10 min and the absorbance of the supernatant was measured at 552 nm by UV spectrophotometer (Hitachi U-3000) to determine TBARS formation.
Inhibition of AAPH-Induced Lipid Peroxidation in Rat Liver Homogenates Rat liver homogenate (10 mg protein/0.3 ml 0.05 M PBS pH 7.4) was mixed with 0.1 ml of fungus extract and 0.1 ml of 1 mM AAPH as a radical initiator and then incubated for 30 min at 50°C. After the reaction, 0.2 ml of 15% SDS, 1.5 ml of 20% acetic acid, 1.5 ml of 0.8% TBA and 0.3 ml of 0.2 M 2-morpholinoethanesulfonic acid (MES) were added to the reaction solution to make the total volume of 4 ml and then reacted further at 95°C for 60 min. The thiobarbituric acid reactive substance (TBARS) formation was determined as described above.
Inhibition of LPS-Induced Tissue Oxidation in Mice Endotoxin-shock was conducted according to the method described by Sugino et al. 29) Mice were orally administered 0.2 ml of hot water extract of fungi once a day for 7 d before LPS treatment. For the control group, saline was administered instead of fungi sample. Next day after the last administration of fungi extract, 15 mg/kg of LPS was intrapenitoneally injected to the mice. After 16 h of LPS injection, the mice were sacrificed under diethyl ether anesthesia and then tissues were removed and rinsed with cold saline. The tissues were kept in a freezer at Ϫ80°C until biochemical assay. Tissue homogenate preparation and TBARS measurement were carried out as described above.
Inhibition of LPS-Induced Protein Carbonyl Formation in Mouse Tissues
Protein carbonyl was determined essentially according to the method reported by Buss et al. 30, 31) Mouse tissues were homogenized in PBS (pH to 7.4) as described above, then, were centrifuged for 10 min at 3500 rpm at 4°C. The supernatant was diluted twice with 0.01 M PBS (pH 7.4), added with 10% of streptomycin sulfate (SS) (10% SS : sampleϭ1 : 9), and then incubated for 15 min at 0°C. After removing the precipitated DNA by centrifugation at 10000 rpm for 10 min at 4°C, the protein concentration of the homogenate was adjusted to 1.0 mg/ml. The homogenate (500 ml) was reacted with 100 ml of 10 mM 2,4-dinitrophenylhydrazine (DNPH) for 60 min at room temperature and the reaction was stopped by the addition of 500 ml of 20% trichloroacetic acid (TCA). After keeping still at Ϫ20°C for 30 min, the reaction solution was centrifuged at 10000 rpm for 10 min at 4°C to recover the protein as precipitate. The protein precipitation was rinsed with cold 0.01 M PBS (pH 7.4) and dissolved in PBS at the concentration of 40 mg/ml. An aliquot of homogenate solution (100 ml) was taken into a micro plate and incubated for 16 h at 4°C. The protein sample in the micro plate was washed 4 times with fresh PBST, added 250 ml of blocking buffer containing 1% bovine serum albumin (BSA), and then reacted for another 2 h at room temperature. After removing the blocking buffer, the plate was rinsed 4 times with PBST, added with 100 ml of the primary antibody (anti-DNP mouse IgG : blocking bufferϭ1 : 1000) and incubated for 4 h at 37°C. After the reaction, the primary antibody was removed thoroughly by washing 5 times with PBST and then incubated with 120 ml of the secondary antibody (anti-mouse IgE rat IgG : blocking bufferϭ1 : 1000) for 60 min at 37°C. After removing the secondary antibody by washing the micro plate 6 times with PBST, 100 ml of 3,3Ј,5,5Ј-tetramethylbenzydine (TMB) was added and then the absorption at 655 nm was kinetically monitored. The reaction was stopped by adding 100 ml of 0.18 M sulfate solution when the absorbance at 655 nm of the reference oxidized BSA reached 0.18. The protein carbonyl contents were determined by the absorbance at 450 nm.
Measurement of Total Phenolic Contents in BDM-X Dried and shredded BDM-X sample (1 g) was extracted twice with aliquots of 80% methanol aqueous solution after immersing for 6 h at room temperature. The extract was concentrated by a rotary evaporator to dryness and dissolved in 10 ml of 50% methanol aqueous solution. This solution was used for measuring polyphenol contents by Folin-Ciocalteu method. 32) Briefly, 200 ml of the solution was added by 3.2 ml of distilled water and 200 ml of Folin-Ciocalteu reagent under Voltex agitation and stood for 3 min. Then, 400 ml of 10% sodium carbonate was added and voltexed again. After 30 min reaction at room temperature, the absorbance at 655 nm was measured using Bio-Rad Model 550 Microplate reader. The total phenolic contents were determined as (ϩ)-catechin equivalent using a calibration curves prepared for (ϩ)-catechin as the standard reagents.
HPLC Separation of BDM-X Extract HPLC separation of 80% MeOH extract of BDM-X was carried out according to the method reported previously for Chaga analysis.
33)
Statistical Analysis Statistical evaluation of the data was performed by Student's t-test. Significant difference was established at the pϽ0.01.
RESULTS
The aim of the present study was to evaluate anti-oxidant activity of BDM-X both in vitro and in vivo comparing with those of reference antioxidants together with mushroom reference ABM.
In Vitro Anti-oxidant Potential of Fungus Extracts First, the anti-oxidant activities of hot water-extracts of BDM-X and ABM were compared in vitro by several antioxidant assay methods, including DPPH radical scavenging, ferric reduction, and inhibition of TBARS formation.
Hot water extracts of both BDM-X and ABM quenched DPPH radicals in concentration dependent manner. The IC 50 of BDM-X and ABM extracts were approximately 47.5 mg as raw fungus/ml and 155 mg as raw fungus/ml, respectively, indicating the anti-oxidant activity of BDM-X was three-hold more potent than ABM by IC 50 (Fig. 1A) . From the comparison of activities of BDM-X and ascorbic acid as a reference antioxidant, it was revealed that the anti-oxidant potential of BDM-X at 47.5 mg raw fungus/ml concentration was equivalent to the anti-oxidant activity of 65 mM ascorbic acid.
FRP was determined for the hot water extracts of BDM-X and ABM. The extent of ferric reduction was also concentration-dependent in both extracts. The effective concentrations of BDM-X and ABM to give the absorbance of the reaction mixture to 0.05 were determined as 22.5 mg raw fungus/ml and 55 mg raw fungus/ml, respectively. It is thus obvious that FRP of BDM-X is also more potent than that of ABM (Fig.  1B) . Further, FRP of BDM-X extract at the concentration of 25 mg raw fungus/ml was found to be equivalent to that of 0.13 mM ascorbic acid.
The hydroxyl radical and superoxide radical scavenging activities of BDM-X and ABM were studied by ESR spintrapping method and the results are summarized in Table 1 . The hydroxyl radical scavenging potential of BDM-X extract was significantly higher than that of ABM, but the superoxide radical scavenging activity was low rather than ABM.
Inhibition of AAPH-Induced Lipid Peroxidation in Artificial Liposomes and Rat Liver Homogenate
Inhibitory potential of BDM-X extract against lipid peroxidation was further examined for AAPH-induced lipid peroxidation in lecithin liposomes and also in rat liver homogenate. Both BDM-X and ABM extracts inhibited AAPH-induced lipid peroxidation both in multilamellar liposomes and rat liver homogenate in dose dependent manner (Figs. 2, 3) . The IC 50 values of BDM-X and ABM for lipid peroxidation in liposomes were 32.5 mg raw fungus/ml and 80 mg raw fungus/ml, respectively (Fig. 2) . In rat liver homogenate the values were 50 mg raw fungus/ml and 80 mg raw fungus/ml, respectively (Fig. 3) . It was thus proved that the hot water extract of BDM-X was functional as the anti-oxidant even in exo-vivo experimental systems to prevent lipid peroxidation in tissue homogenate and the activity was more potent than ABM.
Prevention of LPS-Induced Oxidative Stress in Mice
Further studies were thus focused on in vivo effectiveness of antioxidant property of hot water extract of BDM-X.
Various concentrations of hot water extracts of BDM-X were orally administered to mice once a day for 7 d and then, endotoxin (LPS) shock was applied. Using liver data shown as model example in Fig. 4 , after i.p. injection of LPS (15 mg/kg), every tissue examined including liver, brain, heart showed marked increases of oxidative markers (TBARS and protein-carbonyl formation) in the control mice without pre-administration of test sample (data not shown). However, these oxidative stress markers were remarkably suppressed in the mice group administered with BDM-X extract prior to the LPS challenge and the inhibitory effect was fairly dependent on the dose of fungal extracts as shown in Figs. 4A and B. When the preventive activity was compared with those of ABM and a-lipoic acid as a reference anti-oxidant treated in the same way, the preventive activity of BDM-X was found approximately three times stronger than that of ABM at the same dose (0.5 g dry weight/kg body weight/d) and the activity was also much stronger than that obtained by a-lipoic acid with the dose of 6.7 g (approx. 32 mmol)/kg body weight/d). Dose of BDM-X hot water extract calculated 114 Vol. 31, No. 1
Fig. 2. Inhibitory Effect of Fungi Extracts on AAPH-Induced Lipid Peroxidation in Artificial Liposomes
Multilamellar liposomes were prepared with soy-bean lecithin as described in Materials and Methods. Lipid per-oxidation was initiated by AAPH thermolysis in the presence or absence of defined amounts of test samples. ᭜: BDM-X, : ABM. 
Fig. 4. Prevention of LPS-Induced Liver Oxidative Stress in Mice Induced by Oral Administration of Fungi Extracts
Test fungal extracts were prepared from powdered dried fungi as described in Materials and Methods. Mice were orally administered doses of 0.07, 0.13, 0.53 and 1.3 g of BDM-X as dry fungi/kg body weight for 7 d before LPS injection. The same amount of saline was given to control group. LPS was intrapenitoneally injected with the dose of 15 mg/kg body weight. The tissues were removed under anesthesia at 16 h after LPS injection and homogenized, and then TBARS (A) and protein carbonyl (B) formations were determined for the homogenates. for 50% inhibition of TBARS formation in liver tissue was about 0.47 g dry weight/kg body weight and showed several times smaller compared to ABM extract (0.87 g dry weight/kg body weight/d). However, value of a-lipoic acid was 0.023 mol/kg body weight/d, thus BDM-X (0.47 g dry weight) corresponded to 23 mmol of a-lipoic acid (Figs. 4A,  5A ).
Stronger antioxidant potential of BDM-X compared to the reference antioxidants was also observed for the inhibition of LPS-induced protein carbonyl formation in the tissues. As shown in Figs. 4B and 5B, the doses of BDM-X and ABM required for 50% inhibition of carbonyl formation in liver were 0.53 g dry weight/kg body weight/d and 0.87 g dry weight/kg body weight/d, respectively. At the same time, the value for a-lipoic acid was 16 mmol/kg body weight/d.
Phenolic Contents of BDM-X We previously showed the presence of antioxidant phenolic compounds in Chaga extract and assigned some of their chemical structures. 33) In order to know whether the same type of phenolic compounds is present in BDM-X extract, we measured the total phenolic contents by Folin-Ciocalteu 32) method together with other fungus extract. The phenolic content of BDM-X was slightly larger than that of ABM, but was smaller than Chaga extract (Table 2) . Further the HPLC chromatogram of BDM-X extract shown in Fig. 6 suggested that the same phenolic compounds such as 3,4-dihydroxybenzaldehyde (DB) and syringic acid (SA) are present in the BDM-X extract as well as in Chaga.
DISCUSSION
It is well established that oxidative stress is substantially involved in various disorders such as life-style or aging related diseases. 21) Thus, prophylactic role of anti-oxidants in disease prevention has been extensively discussed and a variety of physiological studies have been carried out. 22, 23) Health beneficial role of mushrooms as BRM, on the other hand, has attracted much attention because of their broad spectra of physiological activities 8, 20, [34] [35] [36] including antitumor, immune-modulating, cholesterol-lowering, and antiinflammatory effects. Since oxidative stress is involved in various physiological reactions including those above, antioxidant property of mushrooms including ABM has been also discussed in relation to their biological activities. 16, 24, [35] [36] [37] For example, Iwagaki 37) have studied in vitro anti-oxidant activity of Krestin (PSK), an active component of Lentinula edodes and showed PSK effectively scavenged both superoxide and hydroxyl radicals.
In the present study, we focused our interests on the antioxidant activity of novel mushroom, BDM-X that was recently assigned as a new fungus species of Bashimido- mycetes family and registered to the database of the NPO organization for International Patent Organism Depositing (IPOD) in the Industrial Technology Institute of Japan. We preliminarily studied the immune-promoting effect of BDM-X and found that in the mice treated with hot water extract of BDM-X (2.5 kg/l) at the dose of 0.2 ml, the number of PFC formed in the spleen remarkably increased (unpublished data). Since oxidative stress is involved in immune reactions, anti-oxidant property of BDM-X attracted our attention.
Results clearly showed that the hot water extract of raw BDM-X has strong anti-oxidant potential as was shown by several in vitro anti-oxidant assay systems including hydroxyl, superoxide and DPPH radical scavenging reactions and ferric reduction, and inhibition of lipid peroxidation in ex-vivo experimental system. In these systems, the antioxidant potential of BDM-X was several times higher than ABM that is well known anti-tumor mushroom containing rich beta-glucans 16, 17) and also anti-oxidant active. 16, 24) The hot water extracts of powdered dry fungi, borth BDM-X and ABM, were further examined for the preventive potential against LPS-induced oxidative tissue damages in mice. It was clearly demonstrated that the orally administrated BDM-X extract prevented LPS-induced oxidative stress in liver more effectively than either ABM extract as a fungus reference or a-lipoic acid as a small molecular anti-oxidant nutrient. 38) From this experiment, it was revealed that the in vivo anti-oxidant potential of 0.53 g of dried BDM-X is comparable to 16 mmol of a-lipoic acid. In addition, the dose dependence curve for DPPH scavenging activity of dried BDM-X was identical with raw material after normalization of weight loss (the weight was reduced to 1/4 of original raw fungus), and indeed IC 50 values determined for raw and dried fungi samples were approximately 10 mg dried fungus/ml and 43 mg raw fungus/ml, respectively (data not shown) indicating the same components are predicted as anti-oxidant ingredients both in raw and dried BDM-X. The same was happened to ABM.
Since many factors including uptake rate, metabolism and tissue distribution are involved for certain active molecule to function in vivo, the in vitro activity potential is not always reflected in in vivo action. In the present study, however, the antioxidant potential determined in vitro for BDM-X, that was approximately three to four times stronger in both DPPH scavenging ability or FRP than those of ABM, was also effective in vivo. For example, in the protective function of LPS induced oxidative stress in mouse, the activity of BDM-X assessed by TBARS and protein carbonyl formations was approximately 2.5 times more effective than that of ABM when compared at the same oral dose as shown in Figs. 5A and B. This indicates that the same active components are possibly functioning in respective mushrooms for the prevention of oxidative stress in animals as in vitro.
Anti-oxidant property of fungi has been demonstrated in the extracts or the partially purified fractions 24, 35, 37) but few report dealt with precise identification of active molecule. We recently isolated and identified a series of small phenolics as antioxidant ingredients from Chaga, another medicinal mushroom. 33) Since some of these phenolic compounds were also found in other fungi species, 39) it might be possible to suggest that the anti-oxidant phenol compounds play a role in the anti-oxidant activity of the extracts from BDM-X and ABM together with polysaccharide fraction suggested elsewhere. 24) Indeed, it was found that BDM-X contains considerable amount of phenolics that was slightly larger than that of ABM but smaller than Chaga (Table 2) . Further, HPLC chromatogram suggested the presence of the same type of small phenolic compounds in BDM-X such as 3,4-dihydroxybenzaldehyde (DB) and syringic acid (SA) that were identified also in Chaga extract. 33) However, it is usually difficult to identify the component(s) responsible for the prevention of oxidative stress in vivo because the target radicals are easily exchangeable among different reactive species including superoxide, hydroxyl radical and peroxynitrite dependent on the reaction conditions, 21) and thus the activity potential of certain anti-oxidant are not always identical in vitro and in vivo. Therefore, it is essential to prove that the same compound or extract as the mixture are also functional as the antioxidant in vivo even if their strong anti-oxidant activity was demonstrated in vitro, although this does not always mean the same reaction mechanism as in vitro is functioning in vivo. The present finding that BDM-X extract showing strong radical scavenging and ferric reduction potentials in vitro also inhibited LPS induced tissue oxidative stress in mouse suggests that the anti-oxidant property of BDM-X is practically useful.
Further study is needed to identify the active ingredient of BDM-X but it was suggested in the present study that hydroxyl radical scavenging potential might contribute more critical than superoxide scavenging potential in the oxidative stress prevention in vivo because of the two reasons that BDM-X showed stronger anti-oxidant potential than ABM having stronger superoxide radical scavenging activity than BDM-X (see Table 1 ) and the superoxide radical is considered as the primary radical species generated in the LPS-induced inflammatory condition. 40) Besides, peroxynitrite is another critical species involved in LPS tissue damage and thus might be another target of fungi extracts.
Present study strongly suggested that BDM-X has a high potentiality for health beneficial use as the anti-oxidative edible fungus and is a more promising food resource applicable for developing functional foods. Further studies are underway to elucidate quantitative relationship between the immune modulating activity of BDM-X and the anti-oxidative action, and also to identify the principal anti-oxidant ingredient.
